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論文内容の要旨 
Polyamines (PAs) are aliphatic compounds with low molecular masses and they are 
present in all living organisms. PAs play roles not only in growth, organogenesis, 
development and aging of plants but also in coping with various environmental stresses. In 
plant, major common PAs are diamine, putrescine (Put), triamine, spermidine (Spd), and 
tetraamines, spermine (Spm) and thermospermine (T-Spm). Some plants contain 
norspermidine (NorSpd) and norspermine (NorSpm) as minor uncommon PAs.  
The plant PA biosynthetic pathway is well established. On the other hand, plant PA 
catabolic pathway(s) start to be explored. Two enzymes, copper-dependent amine oxidase 
and flavin adenine dinucleotide (FAD)-associated polyamine oxidase (PAO), are involved 
in PA catabolism. The first characterized apoplastic maize PAO and barley PAOs oxidize 
PAs in a terminal catabolic (TC) pathway. The recently characterized Arabidopsis and rice 
PAOs oxidize PAs in an alternative pathway, the so-called back-conversion (BC) pathway. 
1,3-diaminopropane (DAP), produced by TC-type PAO, is converted to NorSpd and then 
NorSpm by the aminopropyl transferases with broad substrate specificity. This is a known 
pathway of NorSpd- and NorSpm-synthesis.  
Phylogenetic analysis on angiosperm PAOs revealed that they are classified into four 
(I~IV) clades. Of them, the clade III members, Arabidopsis thaliana AtPAO5 and Oryza 




In this study, I aim to investigate O. sativa and Selaginella lepidophylla PAOs. O. sativa 
contains 7 PAO genes and they are named as OsPAO1 to OsPAO7. Of them, OsPAO1, 
OsPAO3, OsPAO4, OsPAO5 and OsPAO7 have been more or less characterized. 
Therefore, in chapter I, I clone the OsPAO6 cDNA and further characterize the 
recombinant OsPAO6. In chapter II, I determine the enzymatic parameters of the 
recombinant OsPAO3, OsPAO4 and OsPAO5, and compare them with those of other 
OsPAOs. I examine the expressional responses of all OsPAOs to various phytohormones 
and environmental stresses, and examine the expression profiles in different tissues. 
Collecting the known OsPAOs’ data and the data I obtain in this study, I discuss the 
respective roles of OsPAOs in O. sativa. In addition, in chapter III, I clone a clade III PAO 
cDNA from S. lepidophylla and characterize the recombinant enzyme. I discuss the similar 
and different features in the clade III PAOs of Selaginella and angiosperms.  
 
[Results & Discussion] 
 
Chapter I: 
I found that the provisional OsPAO6 cDNA sequence (Accession number: ) is incorrect and 
identified the correct OsPAO6 cDNA. I further characterized the recombinant OsPAO6. 
This enzyme catabolized Spd, Spm and T-Spm in a TC pathway. OsPAO6 shows high 
identity (92%) to OsPAO7 and it is suggested to contain a signal peptide sequence. 
Furthermore, the GFP-fused OsPAO6 resides in the plasma membrane of plant cells. It 
suggests that OsPAO6 is an apoplastic enzyme.  
 
Chapter II:  
The former laboratory members showed that (i) OsPAO3, OsPAO4 and OsPAO5 are 
constitutively expressed under physiological condition. The enzymes encoded by those 
genes localized in peroxisomes and catabolized PAs in a BC pathway; (ii) expression of 
OsPAO1 is induced by Spm and T-Spm treatment. OsPAO1 localizes in cytoplasm and 
functions in Spm and T-Spm catabolism in a BC reaction; (iii) OsPAO7 is expressed in 
anthers and pollen. OsPAO7 catabolizes Spd and Spm in a TC reaction. I found that 
OsPAO6 is responsive to drought, salinity and wounding stresses, and that it is also 
responsive to jasmonic acid. I also determined the kinetic parameters of OsPAO3, 
OsPAO4 and OsPAO5. Taken together, I discussed the role of each of the 7 OsPAOs in O. 
sativa. 
 
Chapter III:  
The Selaginella plants that I examined contained NorSpd at levels of over 10 nmol/g FW 
and T-Spm levels of only one-tenth of NorSpd. The Selaginella moellendorffii genome 
contains a putative clade III gene, so I cloned a clade III PAO cDNA (SelPAO5) from S. 
lepidophylla. The recombinant SelPAO5 catalyzes the conversion of T-Spm to NorSpd. 
Based on these results, I propose that NorSpd is generated via T-Spm catabolism by 
SelPAO5. As previously mentioned, NorSpd and NorSpm are synthesized by the 
sequential transfer of the aminopropyl residue to DAP. The latter is formed by the action of 
a TC-type PAO. Therefore, the route from T-Spm to NorSpd catalyzed by PAO is a novel 
PA metabolic pathway. 
T-Spm is an asymmetric isomer of Spm, which has a symmetrical structure. Here, I 
tentatively numbered the carbon atoms of T-Spm C1 to C10. AtPAO5 and OsPAO1 prefer 
Spm and T-Spm in vitro and produce Spd from both of these substrates, indicating that 
both enzymes oxidize the C3-carbon. Unlike these enzymes, SelPAO5 produces NorSpd 
from T-Spm, indicating that SelPAO5 oxidizes the C7-carbon of T-Spm.  
It has been proposed that the T-Spm synthase gene (ACL5) was horizontally 
transferred from thermophilic bacteria or archaea to an ancestral lineage of plants. I 
speculate that T-Spm, produced by Selaginella ACL5, is highly cytotoxic in Selaginella and 
that, to reduce its toxicity, SelPAO5 catabolizes T-Spm to NorSpd, which is less toxic. 
During subsequent plant evolution, it is likely that the PAO in this clade acquired the ability 
to oxidize C3-carbon instead of C7-carbon to generate Spd by a BC, which occurs in the 
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 被子植物の PAOは系統学的に４つに分類される。このうちクレード IIIに属する PAO遺伝子が小葉類
の Selaginellaに存在する一方、非維管束植物であるゼニゴケやヒメツリガネゴケには存在しないこと
を前任者が明らかにしたことを受けて、井上君は Selaginellaからクレード IIIの PAO遺伝子 SelPAO5
を単離し、特徴づけを行った。その結果、SelPAO5がサーモスペルミン代謝に関与すること、しかし被
子植物のクレード IIIの酵素と異なりサーモスペルミンをノルスペルミジンに代謝することを明らかに
した。さらに、このクレードの酵素の進化的側面についても考察した。 
 上述の学位研究の内容は、井上君が自立して研究活動を行うに必要な高度の研究能力と学識を有する
ことを示している。したがって，井上雅貴君提出の論文は，博士（生命科学）の博士論文として合格と
認める。 
